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DIOXOLANE-BASED 1VHF INHIBITORS 

FIIXJD OF THE INVENTION 

5 faVOTion ""** senera " y • UM lreamont of ^ - — — ***** 

ta. Mr acvadoa. as h-fla™*^ „ c„ ^ „ 8 
*. cyto.cn* or bUvlMi ^ of ^ 

BACKGROUND OF THE INVENTION 

^tor^e,^^^^,, The molecule 

r^* , ri* ebw ^^^ to ^-^M«i»do,o M d in I989 . 

Wta-fr (bund to acnvaa mOTphagK « i.fl^^ . ^ 
Although antibody antagonism of MIF is «« ™t~^~. 

... 18 0110 potential way to provide theraneurte 

Small molecule inhibitors mav av*«vw,. 

ay ° vere<tanB °»* or more 8U ch difficulties connected with the 
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use of biological therapeutic treatments. There exists a need, therefore, for small molecule 
inhibitors of the cytokine or biological activity of MIR Small molecule inhibitors of the 
cytokine or biological activity of MIP would have therapeutic effects in a broad range of 
diseases, whether given alone or in combination with other therapies. 

5 

Further, glucocorticoids have been used to treat human diseases for over fifty years and are 
effective in a range of diseases which include inflammation, injury, ischaemia or 
malignancy. Although debate continues in relation to their impact on disease progression, 
their influence on symptoms and signs of inflammation, especially in the short term, can be 
10 dramatic. 

Despite their benefits and efficacy, the use of glucocorticoids is limited by universal, 
predictable, dose-dependent toxicity. Mimicking Cushing's disease, a disease wherein the 
adrenal glands produce excess endogenous glucocorticoids, glucocorticoid treatment is 
15 associated with side effects including immunosuppression (resulting in increased 
susceptibility to infections), weight gain, change in body habitus, hypertension, oedema, 
diabetes mellitus, cataracts, osteoporosis, poor wound healing, thinning of the skin, 
vascular fragility, hirsutism and other features of masculinization (in females). In children, 
growth retardation is also noted* These side effects are known as Cushingoid side effects. 

20 

Since the side effects of glucocorticoids are doae dependent, attempts to reduce the dosage 
requirement have been investigated, including combination therapies in which 
glucocorticoids are administered with other therapeutic agents. These combination 
therapies are sometimes referred to as "steroid-sparing" therapies. However, currently 
25 availablo combination therapies are non-specific as the other therapeutic agents do not 
address biological events which inhibit the effectiveness of glucocorticoids. Such 
combination therapies are also typically associated with serious side effects. 

Furthermore, glucocorticoids ate incompletely effective in a number of disease settings, 
30 leading to the concept of "steroid-resistant" diseases. Agents which amplify or enhance the 
effects of glucocorticoids would not onjy allow the reduction of dose of these agents but 
may also potentially render "steroid-resistant" diseases steroid-sensitive. 
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There is a need for effective therapies which enable a reduction in the dosage level of 
glucocorticoids. There is also a need for effecti ve treatment of "steroid-resistant" diseases. 
Preferably, such therapies or treatments would address factors which directly limit the 
effectiveness of glucocorticoids. 

5 

Therapeutic antagonism of MTF may provide "steroid-sparing" effects or be therapeutic in 
"steroid-resistant" diseases. Unlike other pro-inflammatory molecules, such as cytokines, 
the expression and/or release of MTF can be induced by glucocorticoids (3). (4). 
Moreover, MIF is able to directly antagonize the effects of glucocorticoids. This has been 

10 shown to be the case for macrophage TNF, IL-ip, 13^6 and JL-8 secretion (5), (6), and for 
T cell proliferation and IL-2 release (7). In vivo, MIF exerts a powerful glucocorticoid- 
antagonist effect in models including endotoxic shock and experimental arthritis (5), (8). 
In the context of an inflammatory or other disease treated with glucocorticoids, then, MIF 
is expressed but exerts an effect which prevents the glucocorticoid inhibition of 

15 inflammation. It can therefore be proposed that therapeutic antagonism of MIF would 
remove MIF's role in inhibiting the anti-inflammatory effect of glucocorticoids, thereby 
allowing glucocorticoids to prevail. This would be the first example or true "steroid- 
sparing"' therapy. In support of this hypothesis is the observation that anti-MEP antibody 
therapy reverses the effect of adrenalectomy in rat adjuvant arthritis (9). By neutralizing 

20 the natural glucocorticoid 'counter-regulator' effect of MIF, it is envisioned that with MIF 
antagonism, steroid dosages could be reduced or even eliminated in inflammatory disease, 
particularly in those diseases that are associated with the glucocorticoid resistance (10), 
(11). There is a need, therefore, for therapeutic antagonists of the cytokine or biological 
activity of MTF. 



25 



SUMMARY OF THE INVENTION 



Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will 
30 be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

In a first aspect, the present invention provides a method of inhibiting cytokine or 
biological activity of MIF comprising contacting MIF with a cytokine or biological activity 
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inhibiting effective amount of a compound of formula (I), or a phannaceuticaliy acceptable 
salt qr prodrug thereof 




CO 



5 wherein X and X' are independently selected from -C(R S >2-, -O-, -S-, -N(R S K or taken 
together form -C(R 3 )=C(Rs)-, -C(Rj)=N-, -N=C(R S ), -K(R 5 >.N(Rs)- or^^N-; 

Y and V arc independently selected from -C(Rsh-. -O-, -S-. -N(R,H or taken together 
form -C(R 3 )=C(Rs>-, -C(R S )=N-, -rfcC<Rs), -N(R3)-N(Rs)- or -N=N-; 

10 

Z is -CCRsh-, -CK -S- or -N(Rs)-. or forms a covalent single or double bond between X 
and V. or Z together with X* or V forms -C(R 3 )=C<R S >, .C{Rs)=N., -N=C(R 5 ), 
-N(R 5 >N(Rs)- or-N=N-; 

IS wherein when Z is -O-, -S- or -N(R 5 K X' and Y' are -COWz; 

when X is -O-. -5- or-NCRsK X* is -C(jRsfc; 

when Y is -O-. -S- or-NCR s )-, Y' is -CCRsfe; or 

20 

X or Y together with the carbon atom bearing the phenyl group form a double bond; 

Rj is selected from hydrogen. Chalky), CMoallcenyl, C«oalkynyl, (A)„C(0)R 6 
(A^CCS)^ (A^OJR* (AVS^R,. (A^OR* (AW5R 7 , (AW^b), (A) n C(=NR ! >)R I o and 
25 (A)„R„. or when X or Y together with the carbon atom bearing the phenyl group form a 
double bond, R t is absent; 
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R 2 and R* arc independently selected from hydrogen, Ci. 3 alkyl and (A)^R|2; 
5 Rj is selected from Ci. 3 alky], (A)«Ri 2r (A) m aryl and <A) m hctcrocycIyl; 

Rs is selected from hydrogen, Ci.walkyl, Cj.2oalfcenyI, CMoalkynyl, (AXAO)^ 
(A)„C{S)R 0 , (AXSCOR* (A^SCO)^, CA)„OR7, (A) n SR 7 . (A)pN(R 8 ), (A^C^NR^o and 
(A)„R U ; 

10 

R« is selected from hydrogen, Ci. 2 <>alkyl, QwoaJkenyl, Qwoalkynyl, OH. OC,.ioaIkyl, 
OCWikenyJ, OQwoalkynyl, CKA^Rj,, SH, SQ.ioalkyl, SC 2 .toalkcnyl, SC 2 ., 0 alkynyl, 
SCAXjR,,, NCRiih, [NH-CH(R M )C(0)] s -OH, (NH-GH(R 14 )C(0)] 4 .OC,. 3 alkyl, Jsugar], and 
(A)^„ { 

15 

R 7 is selected from hydrogen, C.^alkyl, C 2 . 20 alkcnyl, C 2 .zplkynyU (A)<fr n , C(0)H, 
C(0)C,.ioalkyl, CCO^oalkenyl, CCOjCa-toalkynyl, C(0>aryJ, C(0)CA)^„, C(0>2H, 
C(0)2C,-,oaJkyl, C(0)zC2. w alkenyI, C(0)2C 2 .,oalkynyl, QOVaryl. dOhU^Ltu C(S)H, 
C&CuuMktf, C(S)C2.,oalkenyl, C(S)C 2 . 10 alkynyl, C(S>aryl, C(S)(A) 4 Ru, C(S)OH, 
20 C(S)OC,. 10 alkyl, C(S)OC*,oalkcnyl, C(S)OC M <>alkynyl. C<S)0-aryU C(S)0(A),R„, 
S(0),H. SCOXCuoalkyl, S(OXCa. J0 alkenyl, SCOXCaooalkynyl, S(0)r*ryl, SCOMAM*"* 
tCCO^CRt^NHlr-H, (C(0)CH(Ru)NHJ 1 ^:,. 1 dalkyl, [C(0)CH(R,4)NHl r C 2 . 1 oallcenyl, 
IC(0)CH(R w )NHJ r CMoalkynyl. [C(0)CH(R,4>NHl,^ryl, [C(0)CH(R I 4)NH],.(A)^, 1 
and [sugar],; 

25 

Each R, is independently selected from R 7 and NHC(=NR ls )NHz; 
R9 is selected from hydrogen and Ci^alkyl; 

30 R I0 is selected from Ci^alkyl. NH Z , NH<C,.3sUkyl), NCCwalkylfe, OH, OC^alkyl, SH and 
5C|. 3 alkyl; 

R11 is selected from OH, OC,^alkyl. OCi.3alkyj-O^C,. 3 aIkyl, O-aryl, O-hcteroeyelyl, 
OCC(0)CH<R,4)NHLH, [sugarl, SH. SC,*a]kyl, SC 1 . 3 alkyl-0-C|. 3 aJkyl, S-aryl, S- 
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hctcrocyclyl. S[C(0)CH(R I4 )NH1^ halo, N(R I5>2 , C(O)R I0 , CN, C(R j7b , and 
heterocyclyl; 

R,2 is selected from OH, SH, NH*. halo, NO* CCR,^, OC(R, 7 ), and CN; 

Each R„ is independently selected from hydrogen, Cadkyl. Ca^Ikenyl, C^alkynyl and 
(A),Ru; 

Rw is the characterising group of an amino add; 
10 • 

Each R f3 Is independently selected from hydrogen, C^alkyl. C^aJkoxyC^alkyl, aryl and 
heterocyclyj; 

R» is selected from Chalky!, OH, C^aiJkoxy, aryl, aryloxy, heterocyclyl and 
15 hctcrocyclyloxy; 

Each R I7 is independently selected from hydrogen and halogen; 

A is optionally substituted methylene wherein when n > I, W y two adjacent A groups are 
20 optionally interrupted by -0-.-S- or -N(Ris)-; 

where n is 0 or an integer selected from 1 to 20; 
m is 0 or an integer selected from 1 to 3; 
p is an integer selected from 1 to 20; 
25 q is an integer selected from 1 to 10 
s is an integer selected from 1 to 5; 
t is an integer selected from 1 or 2; and 



30 



wherein each alkyl, alkenyi , ^ md heterocyc , yl ^ fe optionaUy 

m another aspect, the invention provides a method of treating, preventing or diagnosing a 
disease or condition wherein MIP cytokine or biological activity is implicated comprising 
the admmistration of a treatment, prevention ordiagnostic effective amount of a compound 
of formula (0 or a pharmaceutical^ acceptable salt or prodrug thereof to a subject in need 
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thereof. 

In a further aspect, there is provided the use of a compound of formula (I) or a 
pharmaceutical* acceptable salt or prodrug thereof in the manufacture of a medicament 
for the treatment, prevention or diagnosis of a disease or condition wherem MSF cytokine 
or biological activity is implicated. 



5 



20 



m particular, the invention provides a method of treating, diagnosing or preventing 
autounmune diseases, solid or haemopoitic tumours, or chronic or acute inflammatory 
10 diseases, including a disease or condition selected from the gioup comprising: 

Rheumatic diseases (including but not limited to rheumatoid arthritis, osteoarthritis, 
psoriatic arthritis) spmdyloarthropathies (including but not limited to ankylosing 
spondylitis, reactive arthritis. Reiter* syndrome), crystal arthropathies (including 
15 out not limited to gout, pseudogout, calcium pyrophosphate deposition disease) 

Lyme disease, connective tissue diseases (including but not limited to systemic 
lupus erythematosus, systemic sclerosis, polymyositis, dermatomyositis. Sjogren's 
syndrome), vasculites (including but not limited to polyarteritis nodosa, 
Wegener* granulomatosis. Cbuig-Strauss syndrome), glomerulonephritis, 
inflammatory bowel disease (including but not limited to ulcerative colitis, Crohn* 
disease), peptic ulceration, gastritis, oesophagitis, liver disease (including but not 
limited to cirrhosis, hepatitis), autoimmune diseases Oncluding but not limited to 
diabetes melKtus. thyroiditis, myasthenia gravis, sclerosing cholangitis, primary 
biliary cirrhosis), pulmonary diseases (including but not limited to diffuse 
interstitial lung diseases, pneumoconioses, fibrosing alveolitis, asthma, bronchitis, 
bionehiostatis, chronic obstructive pulmonary disease, adult respiratory distress 
syndrome), cancers whether primary or metastatic (including but not limited to 
colon cancer, lymphoma, lung cancer, melanoma, prostate cancer, breast cancer 
stomach cancer, leukemia, cervical cancer and metastatic cancer), atherosclerosis' 
(eg ischaemic heart disease, myocardial infarction, stroke, peripheral vascular 
disease), disorders of the hypomalajttic-pituitary-adrenal axis, brain disorders (eg 
Alzheimer*, multiple sclerosis), corneal disease, iritis, iridocyclitis, cataracts 
uveitis, sarcoidosis, diseases characterised by modified angiogenesis (eg diabetic 
retinopathy, rheumatoid arthritis, cancer), endometrial function (menstruation 



25 



30 
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implantation, endometriosis), psoriasis, endotoxic (septic) shock, exotoxic (septic) 
shock, infective (true septic) shock, other complications of infection, pelvic 
inflammatory disease, transplant rejection, allergies, allergic rhinitis, bone diseases 
(eg osteoporosis, Pagefs disease), atopic dermatitis, UV(B)-mduced dermal cell 
5 activation (eg sunburn, skin cancer), malarial complications, diabetes mellitus, 

pain, inflammatory consequences of trauma or ischaemia. testicular dysfunctions 
and wound healing, 

comprising the administration of a treatment, diagnosis or prevention effective amount of a 
compound of Formula (I) or a pharmaceutical^ acceptable salt or prodrug thereof to a 
10 subject in need thereof. 

A further aspect of the invention provides for the use of a compound of Formula (I) or a 
phaimaceutically acceptable salt or prodrug thereof in the manufacture of a medicament 
for the treatment of a disease or condition as above. 

15 

A further aspect of the invention provides a pharmaceutical composition comprising a 
compound of formula (I) and a pharmaceutical^ acceptable carrier, diluent or excipicnt. 



Li another aspect, the invention provides a method of treating or preventing a disease 
20 condition wherein MIF cytokine or biological activity is implicated comprising: 



or 



administering to a mammal a compound of formula (0 and a second therapeutic 



25 Jn another aspect, the present invention provides a method of prophylaxis or treatment of a 
disease or condition for which treatment with a glucocorticoid is indicated, said method 
comprising: 

administering to a mammal a glucocorticoid and a compound of formula CD. 

30 

In yet another aspect, the present invention provides a method of treating steroid-resistant 



administering to a mammal a glucocorticoid and a compound of formula (1). 
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In a further aspect, the present invention provide* a. method of enhancing the effect of a 
glucocorticoid in mammals comprising administering a compound of formula (I) 
simultaneously, separately or sequentially with said glucocorticoid. 

5 

In yet a further aspect, the present invention provides a pharmaceutical composition 
comprising a glucocorticoid and a compound of formula (I). 

In a further aspect of the invention there is provided a use of a glucocorticoid in the 
10 manufacture of a medicament for administration with a compound of formula (I) for the 
treatment or prophylaxis of a disease or condition for which treatment with a 
glucocorticoid is indicated. 

In yet a further aspect of the invention there is provided a use of a compound of formula (I) 
15 in the manufacture of a medicament for administration with a glucocorticoid for Hie 
treatment or prophylaxis of a disease or condition for which treatment of a glucocorticoid 
is indicated. 

In yet a further aspect of the invention there is provided a use of a glucocorticoid and a 
20 compound of formula <Q in the manufacture of a medicament for the treatment or 
prophylaxis of a disease or condition for which treatment with a glucocorticoid is 
indicated. 

The compounds of formula (I) or a pharmaccuticalfy acceptable salt or prodrug thereof 
25 may also have an inhibitory effect on the tautomerase activity also associated with MIR 
This may form a further aspect of the invention. 

In preferred embodiments, the compounds of Formula (Dora pharmaceutically acceptable 
salt or prodrug thereof are used to treat or prevent a disease or condition, particularly in a 
30 human subject. 

Certain compounds of Ptormula (1) are novel, and these form a further aspect of the pxcscnr 
invention. 
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BRIEF DESCRIPTION OF THE FIGURES 
5 dtoxolane (Compound I). "iyipncnyi>l,3- 

4^ ^ ^ n 



DETAILED DESCRIPTION OP THE INVENT! 



ON 



25 As used herein, the term "alin/i" .. 

An alkyl group may be optionally substitute n ™ ~ 

or bromo), CN NO, COrfL C Zr T * **> (eg Chloro - 

2 ' COaH - «*3i.*tt*l. CO z NH 2 , CO a NH(C,. 6 a]]cvn CO Mr ^ 
alkoxy, aoyl, acetyl halomethvi ^ ^ , -* a,Ky,; ' CQzNCt^, OH, 

ppuonai substitaent ■« a poi*. substitucm. Examples of 
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alkoxy include methoxy, ethoxy, n-pro P Oxy, **-propoxy, cyclopmpoxy. and butoxy („-. 
sec t- and cyolo) pentoxy and hexyloxy. The "alfcyl" portion of an alkoxy group may be 
substituted as described above. 

As used herein, the term "alkenyl" refers to straight, branched, or where appropriate, cyclic 
carbon containing radicals having one or more double bonds between carbon atoms. 
Examples of such radicals include vinyl, allyl, butenyl, or longer carbon chains such as 
those derived from palmitoleio, oleic, linoleic, linolenic or arachidonic acids. An alkenyl 
group may be optionally substituted one or more times by halo (eg chloro, fluoro or 
bromo), CN, NO*, COzH, CO a C,^alkyl, CO a NH 2 , COjNH(C,^allcyl). COtfK,.^, OH, 
alkoxy. acyl. acetyl, halomethyl, trifluoromethyl, bensyloxy, phenoxy, NH a , NH(C,^lkyl) 
or NHXCsalkylfe. A preferred optional substituent is a polar substitucnt. 

As used herein, the term "alkynyl" refers to straight or branched carbon containing radicals 
15 having one or more triple bonds between carbonatoms. Examples ofsuch radicals include 
ptopargyl, butynyl and hexynyl. An alkynyl group may be optionally substituted one or 
mote times by halo (eg chloro, fluoro or bromo), CN, NO* COzH, C0 2 Cj. 6 alkyl, COaNH*. 
COaNH^walkyl), CO^,.^, OH, alkoxy, acyl. acetyl, halomethyl, trifluoromethyl, 
benzyloxy, phenoxy. NHa, NH^.^kyl) or NH^Ikyl),. A preferred optional. 
20 substituent is a polar substituent. 

Examples of suitable NH(alkyl) and ^alkylfe include methylamino, ethylamino, 
isopropylamino. dimemylaniino, n-propylamino, diethylamino and di-iscpropylarnino. 

25 The term "halogen" (or -halo") refers to fluorine (fluoro). chlorine (chloro), bromine 
(bromo) or iodine (iodo).. 



30 



The term "sugar" refers to a pyranosyi or ruranosyl moiety such as those derived from 
glucose, galactose, marmose, allose, altrose, gluose. idose, talose, ribose, arabinose or 
xylose. Derivatives of such sugars include deoxy or amino pyranosyl or furanosyl sugar 
derivatives. Each sugar moiety is incorporated into the compound of formula (I) ihrough a 
hydroxy group of the sugar moiety. 

As used herein, "the characterising group of an amino acid" refers to the substituent at C 2 
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of a natural or unnatural amino acid and which define *. • 

methyl ta the characterisina _ of nI ^ ^ ^ acid ' F <* example, 

An aryl group, as used herein, refers to c „ . 

bn>mo>. CM. NO, 4h. ^^^^^a-"- 
'» TNWC^fe. y, - mn " m ^ , - beM ^->*»~y.N»b.NH(C 1 ^ ltyl , 

As used herein, the term "heterocvclvl" - 

suitable heterocygjyl ,„,,„, « , * 6™> O. N or s. Example or 

bcnzoihiopheny) triazotvl 4 yJ ' md °lyU benzofuranyl, 

P enyi, tnazoiyj, tetrazolyj, oxadiazolyi and ourinvl w«i™ • . 
be optionally substituted one or more times hAT , Hcteroc *W fin>«P* may 

oalkyl^ fluo ^thyJ, benzyloxy, phoney, Nifc , NH^.aUcyl) or NHCC 

Each A is an unsubstitutcd methylene croim r_<-w w 

a substituent, 5 „chas halo fc B .h. rt « mS ° T 01(5 «"*yfene group may be repined by 

^"^^•nrx^sz^ ,TOormore a 

(AJamayOienfMBfcnn h __, „ J^™" U),,n,H ™l««'<>y-0-.-S-c>r-N(R, ! ,>. 

™. feoxanpte, „ opteaally sobstioaed atororpolyeihar. 



2S 
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inhibiting effective amount of a compound of formula (& or a phannaceuticaUy 
salt or prodrug thereof 



acceptable 



t r 

A 



(0 



5 whe^ X and X- are independently seJccted ^ ^ 

Y andYare independently selected *on, ^ sh ., _o, ^ of 
1Q *- -CC^CR,), -C<R S )=N-, -N=C(R 5) , -N(R 5 )- N( R s) . or-N=N-; 

Id^Tit* t"^' ° Tf0mS * or double bond between X' 

15 whexcm when Z fa -O-, -S- or -N(R 5 )-, X' and Y< are -C(R ihl 
when X is -o-, -S- or-N(R 3 )-, X' is -CCRsfc; 
when Y is -O-, -s- 0f _ N(RaK y. {$ ( 



20 



;or 



double bond; 



X or y .either with ^ carbon M0In lh „ ^ ^ ^ 

^asT^^ """"^ c "* alk "- c "° a,k "*' CM-"** 

=5 C ^ (AWR " « 
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R 2 an,. Rt are independently .ejected from hydrogen. C) ,a.fcy, and (A)^,; 
$ K is selected from C^alkyl, (A)maiyJ ^ < A ^ OCyc|yI . 

25 Each R* is indepanttenUy ^ R? ^ NHC(=NRjj)NIfe . 

R» is selected from hydrogen and C.^lkyl; 

35 
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R, 2 elected from OH, SH, Wfc, halo, NQ*, CCR,,),, OC(R J7 ), and CN; 

Each R J3 is independently selected from hyd^gen, C,^ C 2 *alkenyl, C^kynyl and 
5 (A) q R u ; 

Ri4 is the characterising group of an amino acid; 

Each R 1S is independent* selected ftom hydtogen. C^alkyl. C^lkoxyCi^alkyl. axyi OT d 
10 heterocyclyl; 

R.« is selected from C,. 3 alkyl, OH, C»alko X y, aryl, aryloxy, heterocyclyl and 
heierocyclyloxy; 7 

15 Each R 17 is independently selected from hydrogen and halogen; 

A is optionally substituted methylene wherein when n > !, any two adjacent A groups are 
optionally interrupted by -O-, ~S- or -N(R 1S )-; 

20 where n is O or an integer selected from 1 to 20; 

m is 0 or an integer selected from 1 to 3; 

p is an integer selected from 1 to 20; 

q is an integer selected from 1 to 10 

s is an integer selected from 1 to 5; 
25 t is an integer selected from 1 or 2; and 

wherein each alkyl. alkeny. . aikynyl, aryl and heterocyclyl may be optionally substituted. 

In another aspect, the compound of the invention Is a compound of formula (II), or a 
30 pharmaceutical^ acceptable salt or prodrug thereof 
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wherein X and Y are independently selected from -C, -N(Rs)- and -C(R s ) 2 - : 
5 Z is -C(R jV or is a covalent bond between adjacent methylene groups; 

R. is selected from hydrogen, CWlkyl, C^alkenyl. C^lkynyl (A>„CfCrtR 



and 



10 



R 2 and R, are independently selected from hydrogen, C^lkyl and (A) m R, 2 ; 
R 3 is selected from C,. 3 alkyl. (A),*,,, (A^ary. and (A^heterocyciyi; 
15 Ra is selected from hydrogen. Chalky], Q^alkenyl, C.oaHcyny] ( A)l C(0^ 

«wa* t> kt^ . W,n SH ' SC »-ioalkyl. SC 2 . l0 alkenyl, SCwoaUcynyl 

25 0w- ** C -»"^ CWlMyl, (A), R „. C(0)H 

CCO)^,.,,,!!^, aO^rtlkc^, CCO^KKakynrf, CCOfc-ayl, OfOMAluR,, mn 
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C^CMoalkyl. C^OC.ualkenyl. C(S)OC, Ifla , ky „ yl . C(S)0 , C(S)0fA) - 

Each R 5 is independently selected from R, and NHC(=NR 1S )NH 2 ; 
Ro is selected from hydrogen and Ci^alkyl- 

10 

M * OR SH. NH 2 , NCh . C(R, ;k OCO^ ™ dCNi 

^ U '" d ~ y S "" M *» "^». C^ tayl . ^ 

R« i> Iho chaiscwrislng group of ^ 

25 

Each R„ fa tadopecdcotfy m»m hydrogen and h.tog*,; 
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A is optionally substituted methylene whetein when n > 1, 
optionally interrupted by -O-, -s_ or -N(R I3 )-; 

where n is 0 or an integer selected from t to 20; 
5 m is 0 or an integer selected From 1 to 3; 
P is an integer selected from 1 to 20; 
q is an integer selected from 1 to 10 
s is an integer selected from 1 to 5; 
t is an integer selected ftpm 1 or 2; and 



any two adjacent A groups are 



10 



wherein each alkyl, alkenyl , alkynyl, aryl and heterocyclyi may be optionally substituted, 
m a pmfermd embodiment one or mom of the foUowing define apply: 
15 Xis-0-,-S-,-NH~or-CH 2 -; 
Yis-0-,-S-or-NR 5S 



20 



Z forms a covalent bond between adjacent methylene groups; 



*, is .elected from C.^kyl, c^aikenyl, OKA),0-C„alkyl, 0-<A V het™i 
0-(A)^ugar. O^OCC^CHCR^n^h. (A) OH t^n^T' 
(A) a OC,. M alkenyi fAV.ocrn.n ... , (A)nOH ' (A^OCjoalkyl, 

CA) n O f CCO)CH(t™ < AW °^«' (A^OCCOaryl, 

(A^OC^yl, , CA^NHCCOJC,.^ 

(A.NH-tsugar,, (A)^, (A Jo^X ^SO C 

(AWO)C.^ yl , (A) ^ ^^OaC,^^, (AXqoc,.^, 

is memylene optionally substituted one or times ^ ' >nC( ° XSU8arJ ° ; A 
selected f*>m C ,. 6 alkyl CWlkenv. r T. , ** 18 

-n, , ™, ^alkenyl, C^salkynyt, halogen, OH, OC, salkyi CO,H rrur* 

3 alkyl, N!fe, NHC^alky], -N(C,*alkyl>, CN m • ' A ^ Cl - 
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R 2 is hydmgcn, C,. 3 alky], OH, SH, NH* -NO* CF,, halo 



or-CN; 



5 ^ i8h y d ^C^ 3 a 1 kyl. < CH^^ CH2)ni . OHt 
~-neterocyc,^ 

*. & hydrogen, CWfcyl, OH, SH, NHj, NO,, CP 3 , halo or C N; 
10 A is substituted methylene or inono^ubstituted methylene. 
Incen« np ^ fon ^^ 



or 




wherein 

IS 

Xis-0-,^.,. N n. ; 
Yi8-0-,^s-or-N(R 3 >; 
20 Zfomis a covalent bond between 



01) 



25 
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R* is hydrogen, methyl, OH, OCH* SH, NH*. NO,, CF 3 , halo or CN; 

-(CH^H, -(CH^OH. or neterocycJyl whmj m , defined 

R4 is hydros, methyl, OH, OCH,. SH, NH 2 , NO,, CF 3> Civ,, halo or CN. 
Mote preferably the compounds of formula (JJ) comprise 




10 wherein 



Xis-O-orNH; 



(n) 



Y is -O- or -N(R W ). where R 18 is selected from hydrogen C.^alkvl r wn, , 
IS C.^alkenyLC.-aoalkynvlandrCWVl? •. » , ^M* 1 ** Q^alkenyl. 

zoaiicynyi and (CHjJaR, , where R, , and n are defined above; 

Z forms a covalent bond between 
Ri is as defined for R, above; 



20 



R2 is hydrogen, halomcthyl. OH, OCH 3 , SH, NH 2 , NO, or CN; 

Rs ^hydrogen, C^alkyl, (CH 2)mNHa , (CH^OH or (CH^Cft 
is defined above; 



or hctcroeycly] where m 



25 
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Ri is hydrogen, methyl, OH, OCH3, SH, NH2, N0 2 or CN. 

More preferably, the compounds of Formula (1) are heterocyclic compounds having the 
formula OH) 



} 5 

I wherein 




(in) 



Xis-O- or-NHs 
10 Y is -O- or -N(R 1 s>- where Ri« is defined above; 
Rj is as defined for R] above; 
R 3 is hydrogen, Nffe. OH; 

15 

R* is hydrogen, methyl, OCHfe, or OH. 

In a preferred embodiment R, is selected from (A^OR? where n is 0 and A and Ry arc 
defined above. 

20 

Examples of suitable compounds may include 
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Compound, of Formula (I) may be prepared using the methods depicted or described 
herein or known in the art It wi„ be understood that minor modifications to methods 
desenbed herein or known in the an may be required to synthesize particular compounds 
of Formula (I). General synthetic procedures applicable to the synthesis of compounds 
may be found in standard references such as Comprehensive Organic ^formations, R. 

(1992). Wrley InterScence. and references therein. It will also be recognised that certain 
reacave groups may require protection and deprotection during the synthetic process 
Stable protecting and protecting methods for rcacdve functional groups are known in 
he art for example in ^ Croups « Organic Syntkesis, T. W. Green & P. Wutz 
John Wiley & Son, 3* Edition, 1999. 



Thus for certain embodiments of the invention, compounds of fonnula (I), where X and Y 
are -O-. X' and Y'axe -Crl^, Zi s -CH 2 . or forms a bond between X' and Y'andRj is alky] 

r^I; ^ ° r " SUbStitUtCd a,ky,e " e With functionality, eg 

W ft OMe where n is between 1 and 20, may be prepare* by the general method shown in 




HCKCHOhOH 
where b = 2 or 3 




20 



Scheme 1 
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Suitable starting materials may be commercially available or made by methods known in 
the art. Suitable conditions for this reaction include refluxing the starting material and the 
dihydroxy compound in benzene in the presence of acid, eg. tosylate. Other conditions for 
performing this reaction to provide selectivity in the presence of other carbonyl groups or 
to provide conditions suitable for use in the presence of other functional groups are 
provided in Protective Groups in Organic Synthesis, T.W. Green & P. Wutz, John Wiley 
& Son; 3* Edition, 1999, pages 312-329. Functionality may be introduced into the 
dioxolane group by using a substituted dihydroxy compound. 



10 



1,3-dithiane or 1,3-dithiolane derivatives, where X and Y are -S-, X'and Y* are -CKfe-, Z is 
-CH 2 - or forms a covalent bond between X' and Y* and R, is alkyl, alkenyl, alkynyl or an 
optionally substituted alkylene with terminal functionaKty, eg.: (A\OMe where n is 1 to 
20, may be prepared in a similar manner as the U-dfoxolane derivatives in Scheme 1. 
Suitable conditions for this reaction incJude mixing the starting material and HS-CCH^- 
15 SH. where b is 2 or 3, in the presence of B*VEt 2 0 in dichloromethanc at room 
temperature. Other conditions for performing this reaction are provided in Protective 
Groups in Organic Synthesis, T.W. Green & P. Wufe, John Wiley & Son; 3* Edition. 
1999, pages 333-336. 



20 



1,3-oxathioIanes. where one of X and Y is -O- and the other is -S-, X' and Y' are -Oh-, Z 
is -CIV or forms a covalcnt bond between X'and Y'andR, is alkyl, alkenyl, alkynyl or'an 
optionally substituted alkylene with terminal functionality, eg.: (A) a OMe where n is 1 to 
20, may be prepared in a similar manner as the 1,3-dioxolane derivatives in Scheme 1. 
Suitable conditions include mixing the starting material with HS^CH^-OH where b is 2 
25 or 3. in dioxane. in the presence of ZnCfe and AcONaatroom temperature. Conditions for 
performing this reaction are given in Protective Groups in Organic Synthesis, T.W. Green 
& P. Wutz, John Wiley & Son; V* Edition, 1999, at page 346. 

Compounds where X and Y are -N(R S K X' and Y' are -CH*-, Z is -CHfe- or forms a 
30 covalent bond between X' and Y' and R, is alkyl. alkenyl, alkynyl or an optionally 
substituted alkylene with terminal functionality, eg.: <A) n OMe where n is 1 to 20, may be 
prepared as shown in Scheme 2 (12): 
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Ma NCH^Hj,— N M * + 

H H 




o | 1 

! H Me N \^N Ma 




5 it::"r^r:~ 



i double bond and r, is ^ mt may be pr ^ p3jed M ^ }n 



3 (13). 




— OMe 



H a N CHaCH a N H 2 

EtOH, 60% 



OH 




Scheme 3 



10 " ^ " " C(S,OH ^ ^"-^^^r^^ 

N-iky. group, ^ stod<lrd ^ „ • 
methodoloey. ^«^n of mi amid, to rWHrNH \ t . Mfcyianng 

15 lWdry.neU.^01. CJOtWH.) en oo achieved by arrinolyd. ^ 
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e " ,b0d '™' B - ° f » **«.*,. R, R3 or R4 is a Sufe uuued 

(eg by < TOW e nt w,* . N . halosuccilltai(lc fol ZTT 
niicteophilte substitution bv m ,~ , t ' fo,1 °« ,ed by 
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In other embodiments, compound* where Ri„ R 2% R3 or R4 are CHjhalo can be prepared by 
5 reaction of a suitable carboxylic acid derivative with a reducing agent such as L1AIH4, 
followed by halogenation, eg treatment with thionyl chloride (Scheme 5). 
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Reduction 




CH 2 OH 



SOCl 2 



Scheme 5 




h2^t t WheiCf " RU CH 2 halo wi* an a^naHde w 

5 where toe R l R2 , or R4 robstitlIeM ifi ^ or where Rj or R3 aie (^et^yclv, 



Reactfon of Cifehalo with NH2-NH-C(=NH>NH 2 in the 



presence of base affords access to 



CBiMo gr^p „,„, h«Io(CH 2 )pNH-NH-C(=NH)-NH2 (where p is J or 21, affords (he 
group (CHaVW-HWCC^NJD-Nm where p (s 2 or 



K3 is CI as shown in Scheme 6 
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Ref(15) 



CH 3 CN 

NaOCHj 

CuBr 




31 



Ca(OH)2 



Ref (14) 



Co,K 2 COjin 
DMF 





CH 2 CN 



Scheme 6 



The tern, salt, or prodrug" Jncludeg m phatmaceutic<dly ^ ^ 

hydrate or any otto compound which, upon acWnistration to the recipient is capable of 

P<o-drug is used in its bxoadest sense and encompasses those derivatives that arc 

to those skilled ,„ the art, and include, for example, compounds where a fiee hydroxy 
group ,a convened into an ester, such as an acetate, or where a free amino grip I 
10 converted ,nto an amide. P^cedu^ for ^ B hydrttJiy w ^ ~ 
compounds of the invention are we,, fcnown in the art and may mc.uda SZt of the 
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compound with an appropriate carboxvlic acM M ^ 

of a snHaMe oaraIyst or Z. ^ " aC " Ch " ,,1dB " »~« 

Suitable pharoMoeuBcally acceptable salt* ■. , 

-cptabloorgJl^tlen ° r ^ ° f Ph —^'y 

«*». • ° ,ac - ta °*' F-Wta*. *nnic ascorbic and vaeeic 

^tZ^T" 7 " - — ' - — alkyl 

as me »yl. ethyl, propyl, and butyl chlorides Kr^^,^. j . ^. . 

^^^^^^ to™"** - *"M 

20 

more asymmeirie cannes ... j,,.,. . " y m K ° men,; *™"» one or 
fc anwfcar aspao, ,„«,,,,,,„ a 

disease or condition when*. Mm ~. ■ • & P"™™"* or diagnosing a 
"*™oraphat^ c ^^^^ 

themof. 7 aCCe P teble sa,t P«>dn,g thereof to a *ubj«:t in need 

fa a farther aspect, there is provided the use of * ^ i 

a me use of a compound of fonnula (I) or a 
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for U,e ^fc, „, ^.^^ ^ 

or biological activity is implicated. 

5 As used herein. MIF includes human or other animal MIF and derivatives and naturally 
occ^ng variants thereof which at least partiaUy retain MIF cytoldne or biological 
actmty. ttms.the subject to be treated may be human or other ardmal such as a manll 
Non-human subjects include, but ate not limited to primates, livestock animals (eg sheep' 
cows, horses, pigs, goats), domestic animals (eg dogs. cats), birds and Moratory test 
animals (eg mice rats, guinea pigs, rabbits). MIF is also expressed in plan* (thus W 
may also refer to plant MIF, and where appropriate, compounds of Formula (I) may be 
used m botanical/agricultural applications such as crop control. 

IS h T 10 BCylOWne " aCtivily " ° f the cytokine or 

15 biological effect on cellular function via autocrine, paracrine 

hormone or growth factor activity or via mtracellular effects. 

further aspect of the invention there is provided a method of treating, diagnosing, or 
pteventmg autoimmune diseases, haemopoitic tumours or chronic or acute inflammatory 

a^Zor PriSing admini5tnili0n ° f 8 — or prevention effective 

amount of a compound of formula (I). or a phannaeeutieally acceptable salt or prodrug 
thereof. Such diseases include: or prodrug 



10 



25 
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Rheumatic diseases (heading but not limited to rheumatoid arthritis, osteoarthritis 
psoriatic arthritis) spondyloarthropathies (including but not limited to ankylosing 
spondylitis, reactive arthritis, Reite* syndrome), crystal arthropathies (including 
but not limited to gout, pseudogout. calcium pyrophosphate deposition disease) 
Lyme disease, connective tissue diseases (including but not limited to systemic 
•upus erythematosus, systemic sclerosis, polymyositis, dermatomyositis. Sjogren* 
syndrome), vasculitides (including but not limited to polyarteritis nodosa. 
Wegener* granulomatosis. Churg-Strauss syndrome), glomerulonephritis, 
•nnammatory bowel disease (including but not limited to ulcerative colitis. Crohn* 
disease), peptic ulceration, gastritis, oesophagitis, liver disease (including but not 
limited to cirrhosis, hepatitis), autoimmune diseases (including but not limited to 
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^on -cor. .yo^oo* , mg ceoeer, melmon „. piosBte ^ ^ » 

(eg isolucmic heart disease m „~.„j'„i • . . ™™°"' 
dtase) d,wv™ ,t T' "' ),0 ™ d " U ">*-«••«>. stroke, perlphen,, 

«*. sarcotdoas. d,^ characKri8l!d by modiri(!d ^ 
(eg oefcopo™*. ^ ^ ^ 

— (eg sort™. ^ cmrerx a^Z^" 

-.^.«^z?zr KM,aK,,,rc ° fa »««— 

25 As used herein, the term "effective amount" relate ,„ - 

err nrrr rrr ~ 

proton „ or hlJt „ ZZvTLZ OTSM ** ° r ^ °» 

peraeuy or ftiUy rowmo tke onset or progression of a pmicular 



20 
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di^eonditton being™** A prevention efE^ve amount 1 5 an amonnt of comoouiid 
— nomine ^ „ Oie ^ „ 
proven, „ deiay w of . ^ ^ J- 

of^MI^ponno^^^^^^^^^^^^^ « 

ngp-agrfnody,^, g per 

«e,*t per doaage. In anodw emnodnnem, the dosage is in the range of ! mg « 250 rl 
n^goof^reiooregper^o,^^^ ^ ' 

lt!f ^ W d0! ' ne *— - ^ d. anending 

pHyacran or von*™*, and oepen, M ^ ^ » 

«lT^^ adm ^^*^'^"'^-^ Zinnia 

diluent or exdpient ^ ^eptaWe earner, 

30 c^.lT^"*^ 00 ^™^^'^' 0 *-^™^^- The 
HUcn, ^JneTcI " P,>roP,i ° te • * 0 ™ , " , 
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undeaatood that the composidons of tbe invcntfon ^ ^ ^ 
ideologically active agents. •oppranonBry 

The comer rocs, be pharmaceuooall, accepts i„ ft. ^ rf w „ g 

»d aubbnguaO. v^a. or p^entere, «ne, u ding Mbommeom . 
ndrespntal and innadenn*) admlnlsttadon. „. compositions nta, 

"° H ? * ™ "* ***** ferni and may be prepared by any tnetboa, J 

W» » .bo „ of pha^nev. Suc h recbods Include tbe «ep of banging ta „ 
dre active ingredient win, tbo ennier „b,ch conges one or ntore accessor, indents. 
* M «. contpoadons „ prepared b, unifomdy and iwunarel, LnZ Z 

and then if necessaiy shaping the product. 



10 



15 



fading on.be disease or condition to be treated, „ reav or ™,v no. be fcr , 

~mpoond d^ < 0 to ^ss dto btocUbrata banter. N the canons for use 
in the presew ^y^^ ^ b0 fonmUaKd iq be water or lipid soluble. 

20 !Zr°" ° f,he ' nVen '" >,, «- — — reay be presented a. 

discrete umtssuch as cassules sachen n t.i.t.. ,. . . r— mu» 

rftami „ . _ ^^ s ^ as<>r, * lete «« n < ! 'W^nineapred«em,inedan,oont 
of the nenve ingreniaau as a powder or grenuta „ . roIO don or , a^pa™^ h „ 
m~m or nnn^ueoua «... od-l^ ^ „ , 

^ bnredenndston. ^ven.^^^^,^^ 

And*, may be made by eompnasta or ntonldfag. opdc™*, wid, one or n„re accessor 

50 "* ' *» I— «** *■-*-« (as. sodium snncb g,L»« 

surface-sen™ or dispennng agent. Moulded tablet, may be by mMm .. . ' 
d. W Tbe «bl.» nay opdonanv bo coaled or scored and n»y be terenlare, , * „ 
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provide slow or controlled release of the active «,«««..,♦ .u - 

u _j ^ e ,n Srcoient therein usine. for examni* 

parts of the gut other than the stomach. 

5 

Composldons MM. for „ „« ^ ^ 

^-^cf^ a(0 ^^ tea<lniiiiistai!diMraii ^ 
example by atomic aerowl or nebulizer means. 

earner oase comprising, for example, cocoa butter eetatta ■ 
25 glycol. ' £aalin * ft**™ Or polyethylene 

Compositions suitable for vatdnal adtr,;™^^ 

emims, « el8 Dastefi „ ^nistration may be presented as pessaries, tampons. 

Compositions suitable for parentera. administnrfon include aqueous and non^ 
aqueous stenle suspenses which may inelude suspending agents 



30 
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and thickening agents. The compositions may be presented in unit-dose or mu.ti-dbse 
sealed containers, for example, ampouies and vials, and may be stored in a free*e-dricd 
(lyophrbsed) condition taring only the addition of the sterile liquid carrier, for example 
water for injections, immedi^y prior to use. Extemporaneous injection solutions and 

ZTTw ^ te StBriIe P ° Wdera ' - of the Kind 

previously described 

ftsferrad «tt <k»ag= CM1 , pMWms ^ ^ ^ , ^ ^ ^ ^ 

BsKoaW * oa,*^ „,« i„ a***. to „, 6 Mfiv . tagraIie „ B ^ m 
^ «- oomp™,*™ of .his .nv^ ,„., incllKte OIher agraR conventional i„ the an- 

ad_io„ ™y laohtde such further agents as hiad™. awaatanara. tht<;kmm , 

*l,y .a« K . a*^ SMeeIMer . iKtad(! ^ 

MM*, diaimagn*^ ^ Mu(to con , ^ na| , y , Ml|ulose 

«id aadfar thatr „a« s . ^ .,„,„„,, ^ ^ ^ 

P^va. ,^„d. ^ ^ ^ ^^^^ ^ 

I. will t. raaogaiaad „„, o.^,^, a^.^^^ „ tf . tanammMo ,^ 
«™ds sao , . ^.oooorticoKs, or a*,^ ^ -sy ta ^ in * 
«n*o»»d of R^. o, Con^s ofFo^a W whan in 

2ll y * tato " ,ered — •"— * as a oo^ torm . ^ 

13 ::rr ra8 * e * c,ive — « — ~~ 

thoracal!, ^ a 8mu te „ 
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. compos of Fonuu-a mmiamotmOK other dterapeuticaHy «c„ ve 

bang bn^g, example, of agente „h,ch could be used in co.bina.io, „* a compound 
of ft*™,, m iooiuo. antirheumatic .bug, «nc,udi„g b„ t nc, Hunted ,„ JZate 

»"™**°<°*«*>. add S a,te>; tnununoauppj^ 
CntcltKhng but no, limited to cyclospod,, mycopnenyllate mofeT azatMooriT 

. andbodte, ,o. btedtng p™™ fe, OT SI>lllllIe ^ ' 

™„ ,„„ 3 , taledei)Hi> 5 6 ina ^ ^2£7; 

h i "r le ° k,,, ■* » ^Inee as ntey b^Lld 

padndogtea, stetea,; or b.hlW.Ote of ndtegen^i J* protein 

lun.se, Cncluding b„ t „« )tahed „ „ , ^ ° 

r - *~ 

-oases ONK/SAPK). and the p3g MAP kiraS es. and others or en.^ or p^L 

*** ^ — — flnctoding bo, no, nndted „ 

-dagoni*, or o, I.KB-«na^ h,^. „cepu,r acdv^d kinaae, and outer 

Z " proteiM involved to andbotfea. 

— — Oneluding bo, no, tote, to axmpea&! J** 
-.aeon, auch a. P-aelccdn or &m1mM „ ); h^odihuo* M „ f^oeepter „^ 

anb-thfton^ ^ cyciooxygcaa.o-2 inldbtote. th^uboxaoe inhibit or 
25 lipoxygenase inhibitors; antibodies or other agents directed against leutrocyte^wfacc 
^ena Onehnnng bu, no, bndted to antibodies or odter *ZZJZZZ£ 

ote^ao Onehtding bu, no, um ited to sulpha, ^ 
***** — — dntgs emending b* no, Undted „ eyteroxie *±Z£ 
30 drugs, monoclonal antibodies). *y«Hyuc 

In another aspect, the invention provide a method of toting or preventing a disease or 
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administering to a mammal a compound of formula <1) and a second therapeutic 
agent- ^ 

to another aspect, the present invention provides a method of prophylaxis or treatment of a 
*scase or condition for which treaanent with a glucocorticoid is indicated, said method 
comprising: 

10 



administering to a mammal a glucocorticoid and a compound of fbxmula 



(D. 



I* yet another aspect, the present invention provides a method of tmating steroid-resistant 
diseases comprising: 

15 



admimstering to a mammal a glucocorticoid and a compound of formula 



(I). 



«1HT T 0 '' PrCSCnt i0Vend0n Pn>VideS a <* —*»■ the effect of a 

glocccordccd m mammals comprising administering a compound of formula 00 
20 simultaneously, separately or sequentially with said glucocorticoid. 

glucocorticoid and a compound of formula 0). 

* » -^e., for ^ . „ fomita fof ^ 

• or ^Phy^ of . afee*. „ con<afiai f „ wHch ^.^^ 
glucocorticoid is indicated. . 

too- f . mt ^ camM fOT -nwstMiMi ^ , g,^^ » 



coms^^obh,,^ ^^^^^^^^^ 
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It " Trr* of "* in,c, " io " ,h<!rc «• »— *• • - » r » *d . 

m. of . diaeaae or coodido, for whfc H _ ^ . — „ 

5 

0). fii the .re^, of a^d^, ^ of oondiu™. wMch ^ 
.0 ** . corr^d of fwmula w „ „„ sWcred ^.^ fc ™ £ 

*— "» — " ' *-* 0). Aecordiog,,. d* ^ 

- pirate a atooid-spariog therapy, "ivonoon 

« are need to beat or prevem a disease or ec^doo „ . ^ to , 

Th. *™ , or ooodtdoo fo, ^ « ^ . gtucocort . roi<1 „ . . 

r*«* to dis^aes or eohdluon* ^ are oapable of behtg ^ by adr*^ * , 



20 



25 



30 



»«um«io dtatae* Cntelodtag bot not limited to .heomatoid arthrida. oaeoanhdde 
P»n«» enhride) apo.dyloaabn.puhfat W*, fc. « HmlBd „ ^ ' 

bur « , ^ to goo,, pseudogoa, ^ pyrophosphllte 8 

Lyme dtacaao. coenecdve daao. fc« (tactadhtg hot „« ^ 

tap» vjKtmBonu, ayatendo aoleroa*. polymyoaiti.. der™^,^ sj5greni! 

en T" (tac " ,d ' n8 « •■»*—» -Z. 

pephe „ Cm,.,, g,^ ocoophagWa. Bvcr disease (loeludtag be, not 
***d to o^oala, hep**,,,, dta^ fttoMtag M « ^ ^ 
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10 



15 



diabetes mellitus, thyroiditis, myasthenia gravis, sclerosing cholangitis, primary 
biliary cirrhosis), pulmonary diseases (including but not limited lo diffuse 
interstitial lung diseases, pneumoconioses, fibrosing alveolitis, asthma, bronchitis, 
bronchiostatis, chrome obstructive pulmonary disease, adult respiratory distress' 
syndrome), cancers whether primary or metastatic (including but not limited to 
colon cancer, lymphoma, lung cancer, melanoma, prostate cancer, breast cancer, 
stomach cancer, leukemia, cervical cancer and metastatic cancer), atherosclerosis 
(eg ischemic heart disease, myocardial infarction, stroke, peripheral vascular 
disease), disorders of the hypomalamic-pituitary-adrenal axis, brain disorders (eg 
Alzheimers. multiple sclerosis), corneal disease, iritis, mdoeyclitis, cataracts, 
uveitis, sarcoidosis, diseases characterised by modified angiogenesis (eg diabetic 
retinopathy, rheumatoid arthritis, cancer), endometrial function (menstruation 
implantation, endometriosis), psoriasis, endotoxic (septic) shock, exotoxio (septic) 
shock, infective (true septic) shock, other complications of infection, pelvic 
inflammatory disease, transplant rejection, allergies, allergic rhinitis, bone diseases 
(eg osteoporosis, Paget* disease), atopic dermatitis, UV(B>induced dermal cell 
activation (eg sunburn, skin cancer), malarial complications, diabetes mellitus. 
pain, inflammatory consequences of trauma or ischaemia, testicular dysfunctions 
and wound healing. 

These diseases or conditions may also include steroid-resistant diseases or conditions 
where treatment with a glucocorticoid is indicated, but where the glucocorticoid is 
ineffective or is not as effective as expected. 

25 The methods of the invention am preferably performed in a steroid-sparing manner The 
term "steroid-sparing" refers to a combination therapy method that allows a reduction in 
the amount of glucocorticoid administered while still providing an effective therapy for the 
disease or condition being treated or prevented. 

30 Steroid-msistant diseases or conditions are diseases or conditions for which treatment with 
a glucocorticoid is indicated, but where the- glucocorticoid is ineffective or is not as 
effeenve as expected- This term encompasses diseases or conditions for which the 
effective dose of glucocorticoid results in unacceptable side effects and/or toxicity. Some 
steroid-resistant diseases or conditions may require a dosage of glucocorticoid so large that 



20 
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they an, considered non-responsive and therefore arc not able to be successfully treated 
with glucocorticoids. Some steroid-resistant diseases or conditions may require a large 
dosage of glucocorticoid to achieve only a small effect on the symptoms of the disease or 
condruon. Rirtherxnore. some patients, disease or conditions present with symptoms that 
5 do not respond to treatment with a glucocorticoid, or may become less sensitive to 
glucocorticoid treatment over time. 

Glucocorticoids are a group of steroid hormones, which are used to treat ox- prevent a wide 
range of diseases or conditions. Suitable glucocorticoids may be synthetic or naturally 
10 occumng and include but are not limited to prednisolone, prednisone, cortisone acetate, 
beclamcthasone. fluticasone, hydrocortisone, dexametbasone, methyl prednisolone, 
tnamcmolone, tadesonidc and betamethasone. 

In preferred entkodtaenta of ^ taveotlon _ ^ gnuxmSaM ^ js 
15 predmaone. predulaolone. hydroeoruaonc, fluScBone, bedantabaaono. betamethasone 
methyl rnedruaolone, budesonide, ttomcinolone, dettamed«n«« ^ Mos | 
^>y. .h= ghtcnenrtteoid is eelooted ftom pn^iaone, pednhtotonn. raethyl 
pr«taeoJon.. fltmcaaone and tetaameuaaone. Beelaroethaaone tmd finder « 
P-ueularly ^ PmU ^ ^^ lam M 

The amount, of glueoeordeoid and eonrpound of rbnnul. „, m alxUsi 
constat they provide ootnp^. ot ^ or rf 

f ° r ""- h * eWorld ia indiettted. Tltearnon^ofcor^oundfornnuaO).. 

2, " *° a »< M >*» " P^"»>y >eas dun, th. an„,n» ta 

^of*ec™ lp onnd rffcram la a) . Tbea^oun* of lMm « oMmt 
^ronsed.n.t^^.o,^^^,,,^^^^ 

P» g ^.o„of.orh^ M ^ v o rftalT ^^ <MaOTpn) ^ sjonoftho 
e^oonb^,^ The tnnou^s of ^ooottteoid tntd compound of ^(Dn^d 
It "•J*""* « f condition ™^«, hltip „ 

■«« F-tull, p« VTOt or deiay the o M .t of the di^ „ r condltltlt , ^ ^ 
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intervals of minutes, hours, days, weeks, months or yca^ or continuously over any one of 
these periods. 

Suitable doses of a corrmound of formula (I) may He wimin the range of about 0.1 ngper 
5 fegofbodyweighttolgperkgofbodywcightperdosagc. The dosage is prefembly in the 
range of 1 ug to 1 g per kg of body weight per dosage, such as is in the range of 1 mg to 1 
g per kg of body weight per dosage. In one embodiment, the dosage is in the range 0 f 1 
mg to 500 mg per kg of body weight per dosage. In another embodiment, the dosage is in 
the range of 1 mg to 250 mg per kg of body weight per dosage. In yet another preferred 
10 embodiment, the dosage is in the range of 1 mg to 100 mg per kg of body weight per 
dosage, such as up to 50 mg per kg of body weight per dosage. In yet another 
embod,ment,medosageisintheiangeof l P g to lmg per kg of body weight per dosage. 

Suitable dosage amounts of glucocorticoids will depend, in part, on the mode of 
15 admmistration and whether the dosage is being administered in a single, daily or divided 
dose, or as a continuous infusion. When administered orally, mtmvenously 
mtramuscularly, intralesionally or intracavity (eg. intxa-articular. intrathecal, intrathoracic)' 
dosages are typically between 1 mg to 1000 mg, preferably 1 mg to 100 mg, mom 
P^rably I mg to 50 mg or 1 mg to 10 mg per dose. When administered topically or by 
20 tnhalation as a single, daily or divided dose, dosages are typically 1 ng to 1 „g, , ng to 1 
xnsorl pgtolpg. 

Suitable dosage amounts and dosiug regimens can be determined by the attending 
physreum or veterinarian and may depend on the desired level of inhibiting activity, the 
25 pamcular condition being treated, the severity of the condition as wdl as the general a- 
health and weight of the subject. 

The glucocorticoid and compound of formula (I) may be administered simultaneously ox 
sequentially The active ingredients may he administered alo™ but axe prefera bly 
30 admmrstered as a pharmaceudcally acceptable composition or separate pharmaceutical* 
acceptable compositions. y 

Xne fotmulatiou of such compositions is well known to those skilled in the art and are 
dinned above in relation to compounds of formula (I), The compoaidon or 
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asenu. flBm . solid ^ ^ ^ ^^^^ 

ZThZl' ^ 7^"™ - — — *. . do* . « y ^ 
The compounds of formula 0) , eithcr „ ^ onJ 

active asent « ~» . Y aCUVe a 8 ent or together with another 

active agent, eg. a glucocorticoid, may also be o**™^ * 

of such compositions include those adapted for Samples 

oml administration, externa, application (eg dtenchcs including aqueous and non 
aqueous solutions or suspension^ tahv** k-, ^ 5 ana non ~ 

adrnixtu ^ "*""*»* tablets, boluses, powders, granules, pellets for 

adm,*t»r* wrth feedstuff*, pastes for application to the tongue; 
parenteml adumbration, eg subcutaneous, intramuscular or intravenous injection 
asasterilesomtionorauspension;and * " 

topical application eg creams, ointments, gels, lotions, etc. 

By virtue of their ability to bind to or antagonize IVHF con™.,*,, * » 
25 or derivatives thereof may be used as labom^T' * " " ^ 

T^caliv.fo, such US e the co^ 

isotope, fluorescence or coloring , ^ ^ forexam P lc . ««lio 

compounds of Po^ 'd ^ " * ^ ^ * P ~ 

in sc^ns for ideXn^tnMb^ 
» semens and could Z 7y Z^T^T " ^ " ^ ^ * - 

skilled in the art wffl Jo^r 7? *"* ° f * ™ 08 * 

W W diagnostictagir ^ °" * "~ * * 



IS 

(a) 

20 (b) 
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atfc™ S p« ofttecoIm „ng OT < !ra i kTOWted4CII , AlBtral] . 1 tpnor 

— —f»— • — - *~ »P« ^ ^2 
compos ^ened u, or Mood h ^motion, i„div i<ta u y or .ZLclv ^ 

"KtaW for ft. pmpos. rfiltoMtion ^ md ^ M J _™ v 7 f 

ehetaveoSonlieiBtooefcnodoscrtbod. S=roraUly of 

EXAMPLES 



20 



dioxolane (Compound 1) ^ 




OK 



5.5 mmol) andp-sulfonic acid (007 e A% ™ IX . MJ V * 

« After 24 h. the reaction mixture ll l£ t " ^ ^ 

material The tntaJT room, temperature TLC showed no starting 

^ t0lUCnC WM — * «~ - — i -lution of sodium hydrogen 
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donate (20 ml) was added to the *sidue, which was then exacted with ethyl acetate (3 
* f ^ °^ iC layer was washed water (20 ml), dried over anhydrous sodium 
sulfate and the solvent was removed in vacuo. The residue was then crystallised from an 
ethyl acetate and hexane mixture to give the product as a brown solid in 24% yield. 

'H NMR (CDCI3): 2.21 (3,3^3.62(^.1 = 4^^.3.70^^.1=: 4.2Hz).38. (, 
2H. J = 4.7 B*), 4.42 (t, 2H, J = 4.7 Hz). 6.74 (d, 1H. J = 8.4 Hz). 7.21 (d. 1H. J = 8 4 Hz) 
and 7.78 (s. 1H). MS: m/e 263 (M* + Na). 179 (M* - OCHaCH.OH). 147, 135. 1 18 and 
107. 

«C NMR (CDCa): 15.7. 61.1. 63.5. 69.1. 72.4, 114.0. 120.5. 124.5. 128.4. 135.6. 159.8 

Example 2: Preparation of 
(Compound 2) 





To a solutton of ^hydroxybenzaldehyde (ig, 8.18 mmol) in anhydrous toluene (100 ml,) 
20 was added ethylene glycol (0.68 mL. 12.28 mmol). pyridinium toluene sulphonate (0 2 g 
0.88 mmol) and ^toluene sulphonic acid monohydrate (0.16 g, 0-88 mmol). The solution 
was refluxed overnight before concentrating the solvent to furnish an amber gum 
Saturated sodium bicarbonate (50 mL) was then added to the reaction mixture, and 
sxiracted with ethyl acetate (3x 50 mL). The organic extracts were dried over magnesium 
sulphate, filtered, and concentrated to furnish a dark brown gum. The gum was 



25 
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chromatogmphed on silica (cther/mcthanol, 9.5:0.5) to furnish the title 
brown solid (173 mg, 9%). 



compound as a dark 



3 74 » 2 ; A ? M8 - 7 ■* 4A6 - 384 c2x appt - * * «"» <*> « 4. 

3.74 (m, 2H, dioxolan CH a ), 3.66 (appt, 2H, dioxolan Ofc, 4.8 Hz)- 
LRMS (ESI): m/ 2 227 [M+Hl; C„H„0 5 : 226.23 



Example* Preparation of ^hydroxyethoxy^bromo-t-bydroxy-fl 
methylphenyD-l^dioxoIane (compound 3) 



15 




l TO r^ £ 7 mPOtmd 1 ^ °* 4 mm0 »' »-*°™™*»"**> (80 mg; 0.4 mmo.) 
and A1BN a3 mg; 0.045 mmol) in dry carbon tetrachloride was refluxed for 5 hrs TLC 
did not show any of the starting material. The action mixture was cooled to' room 
temperature and then concentrated to dryness. The reside was dissolved in ethyl acetate (2 
x 10 mis). The clear solution was washed with distilled water (5 x 10 ml), dried over 
anhydrous Na 2 S0 4 and evaporated to dryness. This gave 47% yield. 
20 H I^R (CDC1 3 ): 2.32 (s, 3H), 3.65 (t, 2H. I = 4.4 Hz), 3.74 (t, 2H. , = 4.3,^3.83 0. 
2H, J = 4.7 Hz), 4.46 (t, 2H, J = 4.8 Hz), 7.80 (s. 1H) and 8.02 (s. 1H) 
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BIOJU)GlCAL EXAMPLES 



Biological Example i- MlF-induced fibroblast proliferation. 

Methods 

5 The activity of a compound of formula (I) was slU died m a bioassay utilising MIF-induced 
prohferation of human dermal fibroblasts. The proliferation of human fibroblasts has been 
demonstrated to be a phenomenon inducible by MJF (16). SJU2 human dermal fibroblasts 
were propagated in RPMl/10% foetal calf serum (FCS). Prior to experimentation, cells 

io z r - r 1 ^ in mau% for 18 ^ — ^ with 

10 recombmant human macrophage migration inhibitory factor (MTF) 50 ng/ml and/or a 
compound of the invention at a concentration of 1 nM. The compound was combined with 
at tunc point -30 minutes, prior to adding to cell culture at time point zero. At time 
point zero, culture medium was replaced with RPMI/10% FCS treatments 
admitted. At time point 30 hours, cells were pulsed with 1 ^Ci ^-thymidine. At time 
point 48 hours, cells were harvested using a semi-automated cell harvester. The 
^activity incorporated into DNA was determined by liquid scintillation counting, with 
results expressed as thymidine incorporation. 

20 ■J"* 4 — «- determined by the demonstration 

20 of a a.gn.fican t P value (P < 0.05) using the Mann-Whitney U-test. 

Results 

(Compomd when 

25 "hfir V°t inhibitCd ^ lndU0tiOn " S1 12 hu ™ ^roblast 

(P < 0.05). as shown in Tab,e 1 and Frgu* 1. Treatment of cells with MJF 
( + MXF) induced proliferation, but this was prevented by pm-incuba*,g MDP with 
Compound 1 (1 nM) C+MIF+cpd 1) (*P<0,05). 
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Table J. 



Mean (cpm) 
Standard error 



50 



Number of 
experiments 
*P<0.05 " 



Untreated cells I MIF-treatcd cells" 



3245 



393.1 



4415 



403.5 



MlF-treated cells + 
cpdl at 1 nM 



2994 * 



410.7 



Biological Example 2: 



Methods 



MlFmependent IL-1 Induced fibroblast 
cyclooxygenase-2 expression. 



n. <«• or a. can*™* „ fonMta a)WKtwtKrm ^ ini> 

W00 mm Altar dZ, ^ l "" M " < 01 "^'> ««. componnd » 

u MM. After 6 hours, nails won collectad and tauacnllulnr OOX-2 rretdn da.™,- - 

20 pnnnnabflfcad »iu, o..* ^ ^ a^,^,™** . J* °* °* 
OOX-2 nwoataDH ^j,,^ ... j^"™*'* late »«" «■» a moma nt-h^ 

a. - ^ «rz ~ t^nrrrr • now 
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* Table 2 and Figure 2, the effect of each concentration of 2-(2. hydroxycthoxy , ^ 
Results 

10 , Mcprcsaoobyn,! Inhuman S112 Hbrobliw cell8 

10 w„ wta „ ^ ^ ^ ^ ^ 1 (opd i) 50 um (*n < 0.0^ 

COX-2 expression as measured by flow cytometry. 



15 



Table 2. 

Concentration of 

Compound 1 

(MM) 

0.01 

0.1 

1 

10 
50 

*P<0.05 



Mean % 
inhibition COX2 
expression 
10.5 
13.2 
15.6* 
19.5* 
31.4» 



Standard error 
9.6 
9.5 
8.1 
3.9 
10.8 



Number of experiments 
4 
4 
4 
6 
8 



20 ^ZTJn^Z ° f 

o7conZn t T flUOreSCBnce *«"»■* (MFD, after deducting the MPT 

of controMabelled cells. Significant inhibition of IL-i„ duccd Cox . 2 * * 

determined by the demonstmtion of a significant P value ^OO^LlZ ^ 
Significant inhibition of IL-induced COX 2 7 8 * 

damnn^ • „ COX 2 ex F resSl °n m human SI 12 fibroblast cells was 

demonstrated in cells treated with Compound 2 (Tt was 
25 IL-1(P<0.05). impound 2 (II^l^pd2) compared to cells treated with 
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Biological Example 3: MIF-dependent antigen-specific T cell 

activation. 

Methods 

The activity of compounds of formula (I) was further studied in a bioassay utilising MJF- 
5 dependent activation of murine T cell activation. The activation of T lymphocytes in 
response to exposure to a recall antigen is known to be dependent on the presence of MIJ\ 
i.e. can be prevented using specific anti-MIF monoclonal antibody, (7). Antigen-induced 
T cell activation is therefore a MIF-dependent phenomenon. 

10 Splenocytes were obtained by saline flushing of spleens obtained from C57B1/6 mice 
previously immunized with methylated bovine serum albumin (mBSA, Sigma Chemical 
Co., Castle Hill, Australia). Mice were immunized on day 0 with 200 fig mBSA emulsified 
in 0,2 ml of Freund's complete adjuvant (FCA) and injected subcutaneously into the flank 
skin. On day 7, the mice received lOOjJlg mBSA/0.1 ml FCA by intradermal injection at the 

IS base of the tail. Spleens were removed on day 28 after first immunisation and a single cell 
suspension was prepared in DMEM containing 5% FCS and 0.05% 2^mercapioethanoI. 1 x 
10 5 cells /200H1 were cultured in triplicate in the presence of mBSA (10 |ig /ml) with or 
without the addition of 2^(2-hydroxyetJioxy)-2^4-hydroxyphcnyl)4,3-dioxolane 
(Compound 2) at a concentration of 100 nM - 10 uM. The T cell proliferation response 

20 was determined by measuring the amount of [*H] thymidine incorporation during the final 
18 hr. The cells were harvested and radioactivity incorporation into the DNA was 
measured with a Wallac 1409 liquid scintillation counter (Pharmacia, Turku, Finland), 
Significant inhibition of T cell activation was determined by the demonstration of a 
significant. P value (P< 0.05) using Student's test. 

25 

Results. 

Treatment of spleen cells with 2^2-hydmxyethoxy>-2<4-hydroxyphe«yl)-l f 3-^oxolane 
(Compound 2) (cpd2) resulted in a significant dose-dependent reduction in antigen-specific 
T cell activation, compared to cells exposed to mBSA without Compound 2 (P < 0.05) 
30 (Figure S). 
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Biological Example 4: Combination of MIF-antagonist with 

glucocorticoid: effects on MIF-dependent IL-1 
induced fibroblast cyelooxygenose-2 
expression. 

5 A particular aspect of the biological function of MIF relates to its ability to antagonise the 
anti-inflammatory effects of glucocorticoids such as (betamethasone, as recently reviewed 
by Monmd et at. (4). Ibis property of MIF suggests that MIP antagonists might exert 
"steroid-sparing" effects, that is, their use in combination with glucocorticoids might 
permit the achievement of a greater therapeutic effect with a given dose of glucocorticoids. 
10 Thus, in die presence of MIF antagonists, low doses of glucocorticoids could exert a 
therapeutic effect otherwise requiring a higher dose of glucocorticoids. As tho adverse 
effects of glucocorticoids are in general dose-dependent, die ability to reduce the 
requirement for glucocorticoids is clinically desirable. 

15 The potential for a MIF antagonist to be "steroid-sparing", therefore, could be 
demonstrated the observation of enhanced effectiveness of a given dose of glucocorticoids 
in the presence of a MIF antagonist. 

Methods 

The above in vitro assay (Biological Example 2) for analysing the effect of MIF 
20 antagonists on IW induced COX-2 expression was performed using 2-C2-hydroxyethoxy)- 
2-(4^hydroxy-3'-methylphcnyl>l^-dioxolane (Compound I) (50 uM), dexamethasone (I 
nM> or a combination of dexamethasone (1 nM) and Compound 1 (50 uM). COX-2 
expression was expressed as the mean fluorescence intensity (MPT) as measured by flow 
cytometry, after deduction of the MFI for control-labelled samples, as described by 
25 Sampcye/ al. (18). The results are shown in Table 3 and Figure 6. 



Results 

Significant enhancement of the inhibitory effects of the glucocorticoid dexamethasone was 
determined by the demonstration of a significant 3t> value (P < 0.05) using Student's test, 
compared to the effect of dexamethasone alone. Compared to the inhibition of IL-1- 
induced COX-2 expression achieved with 1 nM dexamethasone alone (IH+DEX), a 
significantly greater inhibition of IL-l-lnduced COX-2 expression was observed when 
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cells were treated with 1 nM oexamethasonc together with Compound 1 50 (IL- 
1+DEX+cpdl) (P < 0.05). 



Table 3. 





control 


1L-I 


IL-1 + DEX 


BL-l+DEX+CDdl 


Mean COX-2 

expression 

(MFI) 


0.7400 


49.37 


15.13 


6.013* 


Standard error 


0.4413 


2.412 


1-770 


2.906 


it 


4 


4 


4 


4 



10 



15 



*P<0.05 

Biological Example 5: Lack of cytotoxicity. 

A valuable characteristic of a therapeutic material is a lack of toxicity. The compounds of 
formula (D may have low toxicity towards cells. To examine this in vitro, the ability of 2- 
(2.hydmxyethoxy)-2-(4-hyd«>xy-3-mcthylphenyl>I l 3-dioxolane (Compound 1) to induce 
apoptosis ^programmed cell death) was investigated. A lack of cytotoxicity would bo 
evidenced by the finding of equivalent proportions of apoptotic and viable cells in control- 
and compound-treated cells. 

Methods 

To examine the cytotoxicity of compounds of formula (1), S112 human dermal fibroblasts 
were exposed to a therapeutic concentration (50 |iM) of Compound I or vehicle (control) 
and analysed apoptosis by flow cytometric analysis of annexin V and propidium iodide 
staining, as described by Leech et al. (19). Toxicity was assessed by analysis of apoptosis 
using flow cytometric detection of cell surface Annexin V binding and propidium iodide 
20 staining. At least 5000 events were analysed for each experiment. Cells positive for both 
Annexin V and propidium iodide were designated as apoptotic and cells negative for both 
Annexin V and propidium iodide were designated as viable. Results are expressed as the 
percentage (%) of celts with each of these labels. 

Results. 

25 The results of cytotoxicity analysis are shown in Figure 7- No significant increase m 
apoptotic cell numbers, and no significant decrease in viable cell numbers, was observed in 
cells treated with Compound 1 compared to control-treated cells. 



i 
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Figure 2 
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Figure 3 
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Figure 4 




control IL-1 IL-1 + cpd; 



ID No: SMBMW525850 Received by IP Australia: Time (Hm) 16:44 Date (Y-M-d) 2003-12-08 



8-12-03:16:24 ;Biake Dawson Waldron 



5 of 7 

Figure 5 
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Figure 6 
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Figure 7 
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